Seventeen states and the District of Columbia have passed laws that allow individuals to use marijuana for medical purposes. In this paper, I use marijuana possession arrests and treatment referrals by medical professionals to estimate the impact of medical marijuana laws on marijuana usage among non-patients. I find that these laws increase marijuana arrests among adult males by about 20%. The effect is strongest among young adults and decreases with age. I also find that marijuana treatment referrals increase by more than 10% after the passage of medical marijuana laws. In contrast to previous studies, my analysis also shows some evidence that these laws affect juveniles' marijuana use. JEL Classification: I10 I18 H75 K42
Introduction
Medical marijuana legislation represents a major change in U.S. policy towards marijuana in recent years. Advocacy groups such as NORML consider such legislation the first step towards full legalization. As of July 2012, seventeen states and the District of Columbia had passed laws that allowed individuals with designated symptoms to use marijuana for medical purposes (ProCon.Org, 2012a) . Six more states have legislation pending, while twelve other states introduced legislation that failed to pass. Although the Obama administration takes a relatively liberal attitude towards medical marijuana, federal agencies such as the Drug Enforcement Administration (DEA) and the Office of National Drug Control Policy (ONDCP) remain firmly opposed, and marijuana is still listed as a Schedule I drug with no accepted medical value. Because the number of legal patients was relatively small at least before 2009, the direct impact of medical legalization should be limited. The main reason that the DEA and ONDCP oppose such laws is based on the notion that they would increase marijuana use among non-patients (Drug Enforcement Administration, 2011).
There is a strong correlation between medical marijuana legislation, the perceived risk of marijuana and marijuana use. According to the 2008 National Survey on Drug Use and Health (NSDUH), among the states with the highest rate of marijuana use and the lowest perceived risk, ten out of fifteen have adopted medical marijuana legislation. 1 Despite the strong correlation, only a small number of studies have assessed the causal link between medical marijuana laws and usage, with mixed results. Importantly, most of the studies only cover a short time period, leading to imprecise estimates based on a small number of state-level law changes. Existing studies often focus on juveniles, while only adults are qualified patients under medical marijuana laws, and the marijuana prevalence rate is actually higher among young adults than among juveniles. In addition, these studies only examine the marijuana prevalence rate and ignore potential changes at the intensive margin.
To examine whether medical marijuana laws increased illegal marijuana use among nonpatients, especially for adults, I use data on marijuana possession arrests in cities from the Uniform Crime Reports (UCR) as a proxy for illegal use, for the years 1988 through 2008. As shown in Table A1 in the Appendix, these data cover a period when 12 states legalized medical marijuana. As arrest depends on not only the number of users but also their use or transaction frequencies, it is a mix of measure for both the intensive and extensive margins. Another advantage of arrest data is that it represents an objective measure. It does not suffer from the selfreporting bias that is common in survey data (Golub et al., 2005; Harrison and Hughes, 1997) .
Since medical marijuana laws are expected to change social acceptance and perception of marijuana, changes in reporting behavior are of particular concern in the current context. For example, Miller and Kuhns (2011) find that arrestees report use more honestly after the passage of medical marijuana laws.
I estimate reduced-form models for the effect of medical marijuana laws on male arrests, controlling for city and year fixed effects as well as city time trends. I find that these laws increase illegal marijuana usage, particularly for young adults. For adult males, on average, medical marijuana laws are associated with around a 20% increase in arrest rate, or an increase of about 25 arrestees per 100,000 persons in cities. The effect is stronger among males aged 18-29, while there is no obvious effect in age groups over 40. The estimates also show a 10% increase in arrest rates for male juveniles, although the estimates are relatively imprecise in this age group.
At first glance, a 20% increase might seem implausible large. Conceptually, arrest data capture changes in both the intensive and extensive margins, and a significant part of the 20% increase can be viewed as a change at the intensive margin. 2 Empirically, marijuana arrests are 2 We can model arrest as follows: = ∑ ( ) *
, where F i is individual i's transaction or use frequencies, N is the number of marijuana users; P (X) is the probability of being arrested per transaction, a function of X i , factors such as local law enforcement. Assume P(X) to be the same for everyone, then log(A) = log(P(X)) + log( � ) + log(N), where � is the average of F i . So, arrest reflect effects on both the extensive and intensive margins. Empirically, P(X) may depend on F i and possibly look like a step function, i.e., only users with F i greater than some amount have a positive probability of being arrested.
likely to be concentrated on heavy users, as the average probability of being arrested is low, and a 20% increase in heavy users is not particularly large for policy changes regarding substance use. For example, zero tolerance laws that lower the legally allowable BAC from 0.08 to 0.02 for drivers reduce heavy drinking for targeted population by 13-18% (Carpenter, 2004) .
Because heavy marijuana users are often associated with potential negative outcomes, such as developing dependence and need for treatment, I use data on admissions to rehabilitation facilities from the Treatment Episode Data Set (TEDS) to provide further evidence on the effects of medical marijuana laws. The TEDS data allows me to obtain estimates that are not biased by law enforcement from using treatments referred by professional medical providers. The results are consistent with the findings from the arrest data: on average, medical marijuana laws increase the professional referred treatments by around 10% for adult males. In contrast to previous studies that do not find any effect of medical marijuana laws on juveniles, I find a positive effect of 5-15% for juvenile treatments. I also use only first-time treatments to create a measure representing individuals to exclude potential effects on recidivism. Somewhat surprisingly, instead of a smaller effect, the estimates indicate a 20% increase in first-time treatments for adult males.
This research addresses the heated policy debate on medical marijuana laws by presenting evidence for an increase in illegal use among non-patients. By using data reflecting effects on heavy users, this research is more relevant to the design of policy because heavy usage is associated with negative health and social outcomes. In particular, the results from the marijuana treatment data provide empirical support for such concerns and suggest a direct medical cost from these laws.
Medical Marijuana Laws
In the late 1980s and the early 1990s, smokable marijuana was discovered to have a positive effect on patients suffering from nausea, a common symptom among cancer patients and the increasing number of AIDS patients (Pacula et al., 2002) . With growing evidence of positive medical effects and lobbying by marijuana legalization advocacy groups such as NORML, many states have joined in passing a new wave of medical marijuana legislation since 1996. Table A1 in the Appendix provides an overview of each state's medical marijuana laws (For legal documents, see ProCon.Org, 2012a).
These laws permit patients with legally designated diseases and syndromes to use marijuana as a treatment. Patients can legally possess marijuana up to a fixed amount. In many states, they can cultivate marijuana on their own. These laws also allow "caregivers" (most of whom are patients as well) to grow and provide marijuana to patients on a not-for-profit basis. In most states, it is mandatory to register as a qualified medical marijuana patient or caregiver and to renew this registration every year. 3 The designated symptoms and conditions typically include AIDS, anorexia, arthritis, cachexia, cancer, chronic pain, glaucoma, migraine, persistent muscle spasms, severe nausea, seizures, and sclerosis. Some laws, such as those in California and Colorado, even allow use for "any other illness for which marijuana provides relief" (Cohen, 2010) .
Because even designated syndromes such as chronic pain can be defined subjectively, such legislation actually provides a way for all marijuana users to become legal patients. 
Previous Literature
There is little doubt that medical marijuana legalization increases marijuana usage at the intensive margin, because some existing users will become legal patients and they will be able to increase their consumption safely and easily. On the other hand, since the number of legal patients is limited, the major policy debate is whether an indirect effect of laws increases use among non-patients. It is a popular belief among public media that legalization has increased illegal marijuana use, especially among juveniles (O'Connor, 2011) . Illegal marijuana use could increase, in terms of both the intensive and extensive margins, because of the greater ease of obtaining marijuana, either from a legal patient or from a dispensary. More significantly, however, these laws could send a "wrong message" to the public that increases illegal use. If marijuana were defined by law as a beneficial medicine rather than a harmful drug, this would increase social acceptance for recreational use. People may also expect more lenient law enforcement and broader legalization in the future. Unlike changes in legal penalty of marijuana possession that ordinary people may not be aware of, the process of referendum and the setup of medical marijuana program make the public much more aware of the legislation (MacCoun et al., 2009; MacCoun, 2010; Pacula et al., 2005) . As Becker and Murphy's seminal paper (1988) shows, lowering the perceived health and legal risk will lower the price and increase use.
Empirically, Johnston et al. (2011) and Pacula et al. (2001) show that the perception of risk is a good predictor of marijuana use among high school students. Empirically, there is a strong correlation between medical marijuana legislation, perceived risk and marijuana use; nevertheless, the causal link is not well supported by existing studies. (2011) find that legalization was associated with a higher prevalence rate of marijuana use among 12-through 17-year-olds, while Harper et al. (2012) show that these results are quite sensitive to including state fixed effects. Using a number of datasets that cover a longer period, a recent working paper from Anderson et al. (2012a) not be very reliable because there is little much within-state variation in these data. The two-year moving averages also make coding for the first-year of legalization arbitrary, which could present problems in a short sample.
As mentioned above, a direct effect of medical marijuana laws is to increase marijuana use at the intensive margin for legal patients. Potential indirect effects, such as lowering perceived risk or increasing availability, also suggest an effect on the intensive margin as well.
However, existing studies estimate the effect of laws exclusively in terms of the extensive margin. Ignoring the intensive margin could seriously underestimate the effect especially for adults due to their low initiation rate (Gfroerer et al., 2002) . 6 For policy concerns, the intensive margin is at least as important as the extensive margin. It is common for a policy to affect only the intensive margin. For example, Carpenter (2004) finds that zero tolerance laws only decrease heavy drinking while having no effect on participating in drinking.
Analysis of the Uniform Crime Reports

The data
The primary data for this study is arrest for marijuana possession from the FBI's Uniform
Crime Reports (UCR). 7 The UCR arrest data is an administrative series of monthly police records from state and local police agencies across the U.S. It provides information on arrest counts by age, gender and race in each crime category along with agency populations (estimated from the Census). I use the yearly aggregated arrest data provided by the Inter-university Consortium for Political and Social Research (ICPSR), as the FBI also reviews and checks the data using annual arrest totals (Akiyama and Propheter, 2005 (Pacula et al., 2003; Pacula et al., 2010) . 9 There was also a strong declining trend in marijuana use/arrest in the 1980s, which could be related to the crack epidemic and President Reagan's "war on drugs."
I drop California and Colorado due to possible lower levels of enforcement which will directly affect the likelihood of marijuana arrest. As Cohen (2010) points out, the loosely worded medical marijuana legislation in those states have created a "regulatory vacuum." In fact, the 7 There is also arrest for marijuana sale/manufacture, which is small and relatively constant across years. To be recorded as a sale arrest, the amount must exceed some minimum with intention to sell. Because marijuana transactions often involve small quantities, and sale intention is hard to prove, sale arrest is often due to large scale transactions. In fact, a proportion of marijuana possession arrestees are probably low level sellers. 8 2008 was the latest data available when I began this study. Although data through 2010 became available recently, looking at the period prior to 2009 has an advantage that the number of legal patients was relatively small, and the federal policy was fairly uniform prior to the Obama administration. In addition, strong economic recession may affect drug use. As of July 2012, most states that passed laws after 2008 have not yet accepted patient applications. (Only Arizona began to accept patient application since April 2011). 9 Decriminalization is better termed as depenalization, since marijuana possession is still legally a crime and it results in being arrested. Empirically, depenalization has either no or very small effect on marijuana use, and most citizens do not even know such legal change (MacCoun et al., 2009; MacCoun, 2010; Pacula et al., 2005 (Coté et al., 2008; Osher, 2010) . A large number of dispensaries could reflect a lenient attitude on the part of law enforcement and local government, because most of them are not strictly legal. For example, California law requires dispensaries to be non-profit and to have a consistent care-giving relationship with their patients. This is not generally the case.
Moreover, both California and Colorado attempted to legalize marijuana; although these attempts were unsuccessful, some cities like Denver did pass laws that legalized marijuana. Even such laws are legally ineffective because they violate state laws, they can still influence local law enforcement. In 2010 California became the second state to decriminalize marijuana possession, making it a civil infraction rather than a crime, and the penalty for this infraction became one of the lowest in the U.S.
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Since participation in the UCR program is generally voluntary, many agencies do not report every month or every year; and even when an agency reports, it may not report data in all categories. Empirically, most missing data is from agencies with small populations and those that do not report for a whole year (Lynch and Jarvis, 2008 ). Since it is not possible to distinguish a true zero from missing data in the UCR, I only use police agencies located in cities with populations greater than 50,000, as the FBI also checks and communicates regularly with these agencies to ensure data quality (Akiyama and Propheter, 2005) . I restrict the sample to cities because marijuana transactions are closely related to social networks and the probability of arrest depends on population density. 11 Since population size is generally increasing over time, I
include earlier observations of the above cities to make the panel more balanced. (I exclude 215 city-year observations that have populations less than 25,000).
Similar to Carpenter (2007) , and as is common in the criminology literature, I focus on adult male arrest, and I use observations only if the agencies report arrests for marijuana Table 1 lists the means and standard deviations of marijuana possession arrest rates per 100,000 among each age group for states with and without medical marijuana. States with medical marijuana laws have lower arrest rates in all age groups, likely due to a lower level of law enforcement, but the distributions of arrests among age groups are similar. The arrest rate is highest among those aged 18-24 and declines with age. In fact, the age distribution and the trending over time of the UCR arrest data are consistent with underlying marijuana use from survey data such as NSDUH and Monitoring the Future.
The Results
My primary empirical strategy involves estimating city-and year-specific marijuana arrest rates as a function of whether the state has an effective medical marijuana law in place in that year. I begin by estimating the following model by OLS:
( where Y ist is the marijuana possession arrest rate among adult males or each male age group per 100,000 (or its log) for city i in state s and year t. Law st is a dummy variable indicating whether a 12 I include 201 agency-year observations that report only in December since agencies may report annually; their mean and standard deviation are similar to observations that report for least six months. I drop 10 observations that have zero adult male marijuana arrest. I only consider males both to be consistent with the existing literature and because males are much more likely to be in the criminal justice system than are females. For example, the average arrest rate for adult males in my sample is seven times that for adult females.
state s had a medical marijuana law during year t. 13 In addition to city and year fixed effects, I
include city-specific time trends to capture the time-varying unobservables within a city such as law enforcement. As a robustness check on functional form and a solution to zero-value problems of logarithms, I also estimate a fixed-effect Poisson model with the same specifications.
In the main specification, I do not include any control variables because city-specific time trends and fixed effects have already accounted for any smooth-trending variables. 14 Throughout this paper, the estimated standard errors are clustered at the state level and therefore are robust to serial correlation, within-state spatial correlation, and heteroskedasticity. (1) and (2) show the estimates from Equation (1), and they are positive and highly significant in all specifications. For example, based on Column (2), medical marijuana laws, on average, result in an annual increase of 26.94 adult male arrestees per 100,000 city residents; if we interpret the log points as percentage change, this is about a 22.5% increase in the adult male arrest rate. The estimates from the fixed-effect Poisson model are quantitatively similar. The point estimate (the partial effect on the logarithm of the conditional mean), 0.198, is very close to the estimate from the log specification (the partial effect on the conditional mean of the log arrest rate). It also implies an average partial effect of an increase of about 31 arrestees per 100,000 city residents (= 0.198×158.5, where 158.5 is the mean of adult arrest rate). One possible concern is that city-specific time trends over-fit the data. In Columns (3) and (4), I use state-specific time trends instead, and the results are nearly identical. The last two columns, (5) and (6), show qualitatively similar results estimated from a specification with only a separate group time trend for all medical marijuana states that passed laws before July 2008.
Figures 1 provides graphical evidence of the effect of medical marijuana laws on arrests.
The graph shows the average adult male marijuana arrest rate (in logarithms) before and after 13 For the first year, Law st equals 1 if the law is effective before July 1st, and equals 0 otherwise. I code the law based on the effective date rather than the passing date (it only matters for Nevada).Note that there could be a huge time lag between the law being effective and the marijuana program starting to accept application. 14 Potential non-smooth control variables include legal change in marijuana penalty, unemployment rate, and 0.08% blood alcohol concentration (BAC) laws. As mentioned in Note 10, most studies do not support that change in penalty affect marijuana use. Unemployment rate and 0.08% BAC laws are included along with other control variables in Table 5 as robustness check.
the passage of medical marijuana laws, where the X-axis measures the year relative to the state's law change, with 0 denoting the year of passing the law, 1 denoting the following year, and so on.
To create a synthetic control group, I compute an average of the log arrest rates in non-medical marijuana states for each year, and then take a weighted average of these yearly averages, in which the weights come from the relative composition of years in the treatment group (medical marijuana states). For instance, in "Year 0," 58% of observations in the treatment group are from
Oregon and Washington, which passed the laws in 1998 (coded as 1999); 2% of observations are from Maine, which passed the law in 1999 (coded as 2000); and so forth. So the weight put on the year 1999 average arrest rate in the control group is 0.58; the weight put on the year 2000 average arrest rate is 0.02, and so on. In other words, in "Year 0," 58% of the observations in the control group are selected from year 1999, 2% are from 2000, and etc. The treatment group shows a persistent jump in the arrest rate from "Year -1" to "Year 0." The magnitude of the jump in the log arrest rate is about 0.15, which is similar to the regression results above. Table 2 , and the majority of increase comes from people under age 30. In the lower panel, young adults also exhibit a greater effect than older age groups. The average partial effects from the fixed-effect Poisson model are quantitatively similar to the results in the upper panel.
For example, the estimate implies 10.2 (= 0.215×47.54) additional male arrestees aged 18-20. adults, the interpretation on these estimates should be cautious. 16 Although not reported here, the estimates also indicate a positive and significant effect of around 17% on adult females.
In Table 4 In Table 5 , I check the robustness of the main results using different specifications and samples. In Column (1), as in Carpenter (2007), I scale arrest counts by a factor that equals the fraction reported of a year (12 divided by the number of months reported) using agencies that report at least six months (agencies that only report in December are excluded). In Column (2), I
include city agencies that report any number of months without scaling. In Column (3) and (4), I
include city police officer rate (from the UCR) and other state-level controls such as black male rate, unemployment rate, per capita local and state expenditures on police protection, per capita local and state expenditures on health and hospital expenditures, and 0.08 BAC laws. The results
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The data on juvenile crime and custody rates are much less complete than the associated data for adults (Carpenter, 2007; Levitt, 1998) . Also, the juvenile justice system is very different from the adult system such as its procedures, incentives, and sanctions. Note that the adult arrest rate is much lower in medical marijuana states, while their juvenile arrest rate is similar to non-medical marijuana states. Actually, it is possible that, after the passage of medical marijuana laws, the law enforcement towards juvenile becomes stronger due to reallocation the resources from adults to juveniles.
are nearly identical to these in Because most state level controls are poorly estimated, it seems that fixed effects and city specific time trends have accounted for most of the variations from these controls. I prefer the specification without any controls as it includes more years in the sample. In Column (5) and (6), the dependent variable is adult male arrest rate aggregating from all available agencies in the UCR to the state level, including all cities and non-cities with positive populations. 17 The estimates are similar to Table 2 , though they are a little smaller and insignificant when squared state time trends are included.
The estimates from Tables 2-5 will be biased if law enforcement responds to medical marijuana laws. For example, if law enforcement becomes stricter, then the estimates are upward biased. In Table 6 , I indirectly test some implications for potential changes in law enforcement.
The upper panel is level specification and the lower panel is log specification (except for Column (2)). There is one state, Arizona, which did pass a referendum to legalize medical marijuana in 1996 that did not lead to an effective law. 18 If the increase in arrest in medical marijuana states are driven by unobservables common to states that initiate the legalization process rather than by the laws themselves, the arrest rate in Arizona would increase after passing the referendum.
However, Column (1) shows that the arrest rate in Arizona actually decreases after the referendum, which is perhaps a result of that law enforcement becomes more lenient.
In Column (2), the dependent variable is the marijuana possession arrest ratio of adult African Americans to all adults. 19 Because there are many zero values, I use a fixed-effect
Poisson model in the lower panel. It is well documented that African Americans are much more likely (about 2.5 times) to be arrested for marijuana possession offences due to racial profiling, even though their prevalence rate is similar to whites (Golub et al., 2007; Ramchand et al., 2006; Reuter et al., 2001 ). 20 Therefore, if there were an increase in the proportion of African American arrestees, this would be a "smoking gun" that police are using racial profiling to increase 17 I exclude zero population agencies such as university or national park police departments. 18 Arizona passed a referendum in 1996 (Proposition 200), which legalized medical marijuana under doctors' prescription. However, the state legislature dismantled it through the terminology -"prescribe." Because marijuana is a schedule I drug, the DEA prohibits physicians from "prescribing" it. This made Proposition 200 ineffective. 19 The ratio of black arrestees includes females since the UCR does not separate gender within races. 20 Most of the literature only accounts for racial differences at the extensive margin. On the other hand, based on the TEDS, blacks have a larger proportion of high-frequency users. marijuana arrests. However, the estimate is very close to zero and there is no evidence of change in racial composition after the passage of medical marijuana laws.
In Column (3), I use the ratio of adult male marijuana possession arrests to total drug possession arrests as a measure of prevalence of marijuana use, which could be approximately interpreted as a change in relative demand for marijuana. 21 In Column (4), I use the ratio of adult male marijuana possession arrests to total crime arrests. One advantage of these measures is that they partially control for the level of law enforcement and eliminates the measurement error from estimated population (Fryer et al., 2005) . If the increase in marijuana arrests is simply due to a stricter level of law enforcement, then medical marijuana laws would not have an effect on these ratios. The ratio in Column (3) is increased by 0.05 or a 16% increase, and the ratio in Column (4) is increased by 0.005 or a 25% increase. As for percentage change, the results are very similar to these in Table 2 . A similar measure used in the literature for law enforcement toward illicit drug is the ratio of total drug arrests (for both sale and possession) to total arrests (Pacula et al., 2003; Resignato, 2000) . For consistency, I only use adult male arrests to create this ratio. Column (5) does not show evidence of change in law enforcement towards overall drug offenses.
Alternatively, I directly test whether medical marijuana laws increase arrests for nonmarijuana drug possession. In Columns (6), the dependent variables are adult male arrest rate for possession of all other drugs. The estimates are small and negative, so there is no evidence of an increase in arrests for non-marijuana drug possession. Cocaine is still the second most popular drug in the U.S., and I estimate the effect of laws on cocaine possession arrests (adult male) separately in Column (7). Contrary to the common belief that marijuana use will motivate hard drug use, the estimates indicate a decrease in cocaine use (although it could be a result of lower level of law enforcement). Interestingly, Anderson et al. (2012a) also find a huge reduction in teen cocaine use.
As noted in the previous sections, the number of legal patients and dispensaries was relatively small in the sample period, and it is more so because California and Colorado are not in my sample. Therefore, the increase in marijuana use is most likely caused by changes in perceived legal and health risks. Because of the different legal process, it is plausible that referendum states are more liberal than lawmaker states, and a higher referendum passage rate 21 The UCR provides the category of total drug possession arrest as well as three subcategories other than marijuana: 1. Opium, cocaine, and their derivatives; 2. Truly addicting synthetic narcotics; 3. Other dangerous nonnarcotic drugs.
may also imply a more liberal attitude. In Table 7 , I compare states passing laws through referenda to states in which legalization was enacted by lawmakers. If the existing public attitude is very liberal, so the perceived risk of marijuana is already low, then the implied effect on marijuana use will be smaller. Therefore, the arrest rate in referendum states with a high passage rate would increase less than in states with a low passage rate or lawmaker states. (See Table A1 for passage rate in each state.) I create Law×Referendum, the interaction term of Law st and a dummy denoting referendum states, and Law×Pro rate, the interaction term of Law st and passage rate (%) of referenda (0 for lawmaker states). The left panel is level specification and the right panel is log specification. The above prediction is supported in log specification: the estimates on
Law×Pro rate and Law×Referendum are negative and significant. 22 In the level specification, however, the estimates are quite noisy and show a positive sign.
Drug arrests often occur during or after transactions. However, unlike cocaine or heroin, marijuana transactions are closely related to social networks. About 60-80 % of people acquire marijuana from a friend and often for free; when there are monetary transactions, they are often exchanged indoors (Caulkins and Pacula, 2006; Pacula et al., 2010; Substance Abuse and Mental Health Services Administration, 2004; Taylor et al., 2001 ). The probability of being arrested is actually low, and therefore most arrestees are probably heavy users who make regular transactions. 23 Because heavy users are more likely to be associated with dependence and need for treatment; in the next section, I use marijuana treatment patients to provide direct evidence that medical marijuana laws increase use among heavy users.
The Analysis of Treatment Episode Data Set
The treatment data is from the Substance Abuse and Mental Health Services For each admission, the data identifies the primary, secondary, and tertiary substance abuse 22 Because people in referendum states should be more aware of the laws, the larger effect from lawmaker states suggests that the effect of legalization is stronger than the potential effect coming from the publicity surrounding the laws. Because the publicity effect is likely to be decreasing over time, the dynamic in Table 4 also implies that the publicity effect is not a major cause for the increase in marijuana use. 23 Although heavy users might prefer to buy more in each transaction and therefore make less transactions, most marijuana transactions involve small quantities because legal penalty directly depends on the weight of possession.
problem of the patient, his/her demographics such as gender and age, referral sources, and the number of prior treatment the patient ever received. 24 Similar to the UCR, each admission does not represent an individual, but it is possible to create a measure representing individuals by using only admissions without any prior treatment. This measure can avoid bias from recidivism that is particularly a potential problem for using treatment data (Anderson, 2010 Table 8 24 About half of the adult male marijuana-related treatment are referred by criminal justice system, a quarter are individual referrals, and around 15% are professional referrals. The rest 10% are referred by community or religious organizations, and self-help groups such as Alcoholics Anonymous. 25 However, changes in perceived risk and law enforcement could affect people's behavior of seeking medical professionals. In fact, as in the UCR data, the estimates for California and Colorado laws are still negative and significantly different from other medical marijuana states. 26 Alaska does not report referral source for years 1999-2003, and it does not report any data for years 2004-2007. (Because the data quality in Alaska is so low, I also drop its 2008 data.) Moreover, since year 1999, there was probably a change in available funding or reporting process in Alaska and Washington: the total numbers of treatment reported were only about half to their previous levels. 27 It is not possible to observe whether a patient has had prior treatment episodes for a particular substance; only the number of previous treatment episodes a patient has had for any drug or alcohol problem is available.
On average, only 10% of admissions lack the information on previous treatments, although it is largely missing in some state-years. I restrict the sample to state-years which are missing less than 50% of this information, and scale the treatment ratios by the proportion of reporting data in each state-year. 28 Except for Washington that does not report the number of prior treatment for years 1992-1999, the information is very complete in medical marijuana states, with an average missing rate of 1.7%. It shows that about half of the patients are first-time patients.
To examine the effect of medical marijuana laws on marijuana treatments, I estimate the following model by OLS: where Y st is the treatment rate or its log in state s and year t. As in the UCR analysis, I do not include any controls to keep a larger sample size. The results in Table 9 below are nearly identical when the same set of state-level controls is included (not reported). Table 9 shows the estimates of β from Equation (2). The first two columns are from the level specification, the second two columns are from the log specification, and the last two columns are from a fixed-effect Poisson model. The upper panel shows the results for all treatment ratios (with any number of previous treatment episodes). In terms of percentage change, the estimated effects are a little larger but noisier for marijuana-primary ratio. Specifically, on average, medical marijuana laws are associated with a 9-12% increase in marijuana-related treatment ratio, or 10-17% for marijuana-primary treatment ratio. Because there may be capacity constraints for treatment facilities, the smaller results are expected and consistent with the results from the UCR.
Because a proportion of patients will repeatedly enter treatments due to addiction, we would expect the estimates based on patients with previous treatment episodes to be smaller than estimates from first-time patients. However, in the lower panel in Table 9 , the estimates are actually greater. The estimates are similar across marijuana-related or -primary treatment ratios.
Specifically, on average, medical marijuana laws are associated with a 17-25% increase in first-time treatments. In fact, the estimates in the upper panel are entirely driven by first-time treatments as that first-time treatments account for around 40-50% of all marijuana treatments.
Although not reported, I estimate the effect of laws on patients with at least one previous treatment episodes, and the results are nearly zero.
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It is straightforward to see graphically that the estimates in Table 9 are driven by firsttime treatments. Figure 2 , constructed in the same way as Figure 1 , shows the effect of laws on marijuana-related treatment ratios (in logarithm). The upper graph is from all treatments, and the lower graph is from first-time treatments. Both graphs show similar patterns of an increase in marijuana-related treatment ratios after the passage of laws in medical marijuana states; however, the magnitude from all treatments is much smaller than the magnitude from first-time treatments.
In the Appendix, Table A3 shows the descriptive statistics and regression results from all referral sources. The data contain patients referred by criminal justice system and common individuals (or self referrals) that are probably affected by law enforcement or perceived risk among public. In general, the results are qualitatively similar for marijuana-primary treatments, although they are more sensitive to time trends specification especially for marijuana-related treatments. The estimates based on first-time patients are still larger than patients with previous treatment episodes. Figure A1 is the graphical analysis, and the graphs look very similar to In Table A4 , I estimate the effect on male juveniles (age 12-17) for all source referrals.
Because the number of juvenile patients is very small in some state-years, I drop 27 state-years in which the total number of patients (for any substances and from any referral sources) is less than 20. As 75% of juveniles are first-time patients, I do not separately estimate effects for firsttime treatments. Consistent with the popularity of marijuana among juveniles, 80% of treatment juvenile patients report marijuana abuse, and it is the primary abuse problem for nearly 60% of them. In contrast to previous studies that do not find any effect of laws on juvenile, the results indicate around a 5-15% increase in marijuana-related or -primary treatments. 30 I do not report 29 I also try to restrict the sample to be the same across the two panels, but the results are nearly identical. So the smaller estimates in the upper panel are not due to sample difference. 30 In Anderson et al. (2012a) , they use state populations as the denominators to create treatment rates for teenagers aged 15-17 and 18-20, and their estimates are often negative. However, using population as denominator may be inappropriate as the TEDS data greatly fluctuates in some states. On the other hand, the estimates based on treatment rates using populations as the denominators are similar to results reported here if Washington are excluded (see also Note 26).
the results separately for professional referrals as the number of juvenile patients are quite small; the estimates for professional referrals are a little greater (6-19% increase) but much more noisier.
Discussion of results and conclusion
In this paper, I estimate the effect of medical marijuana laws on illegal marijuana use based on marijuana possession arrests. My estimates show a positive effect that is, as expected, strongest among young adults. The results suggest that usage increased by roughly 20% among adult males. There is no evidence that these results are driven by stronger law enforcement.
Based on the relatively small number of legal patients and dispensaries, and the smaller effect of laws from potentially more liberal states (Table 7) , an important potential channel through which these laws increase marijuana use is through a lower perceived risk.
Those who are arrested for marijuana possession are likely to be heavy users, who may be most prone to dependence and in need of professional treatment. I use marijuana treatment referrals by medical professionals as a proxy for heavy usage, and I find that this treatment increases by around 10% after the passage of laws. Somewhat surprisingly, the estimates on firsttime treatments indicate a greater effect of around 20%. In contrast to previous studies that use measures for general use rate among juveniles and do not find any effect of these laws, the estimates indicate a 5-15% increase in juvenile treatments.
A 10-20% increase is a large effect but it is plausible for heavy users. Based on existing studies, MacCoun (2010) suggests that the non-price effect of marijuana decriminalization is around 35% increase in general use rate (use in past month). 31 Although medical marijuana laws represent a less dramatic change than decriminalization, a 10-20% increase is not particular large for heavy users as previous research suggests that heavy users are disproportionately responsive to legal changes (Becker and Murphy, 1988) . This magnitude also seems reasonable in comparison to policy changes regarding other substances. For example, Carpenter (2004) finds that zero tolerance drunk driving laws are associated with a 13-18% reduction in heavy drinking.
Similarly, DiNardo and Lemieux (2001) find that marijuana use rate among high school seniors increases by around 10% after the legal drinking age increased to 21.
The difference between the estimated effects based on first-time treatments and all treatments has interesting implications. First, it implies that, on average, marijuana is not strongly addictive, which is consistent with existing medical evidence. Second, it suggests that medical marijuana laws do not have a significant effect on strongly addictive patients who repeatedly enter treatments. These patients could be "always-takers" who would be heavy marijuana users regardless of marijuana's legal status. Finally, consistent with the negative estimates on cocaine arrest from Table 6 , it does not support the popular belief that use of marijuana increases abuse of hard drugs. Strongly addictive patients who repeatedly enter treatment facilities are often users of hard drugs such as cocaine and heroin. For first-time marijuana-related treatment patients, 37% also report cocaine abuse, and 6% report heroin abuse.
On the other hand, for patients with at least one previous treatment episode, the proportion that reports cocaine and heroin abuse increases to 49% and 11%, respectively. Moreover, this pattern is monotonically increasing with the number of previous treatments.
Although the estimates in this paper are only appropriate for inference on heavy users, they may be more relevant to policy concerns because heavy marijuana users are often associated with negative health and social outcomes, such as developing dependence, the need for treatment and future use of hard drugs (Chen et al., 1997; Fergusson et al., 2006; Gruber et al., 2003) . A 20% increase in heavy users, as indicated by both arrest and first-time treatments, represents a nontrivial cost to the society. On the other hand, based on the estimates from on all treatments, the net effect on treatment is only 10%, which may be due to substitution between marijuana and other substances. This substitution can be viewed as a benefit of medical marijuana laws, and there could be additional benefits; for example, Anderson and Rees (2011) and Anderson et al. (2012b) show evidence for a decrease in drunk driving and suicide. Therefore, evaluating the net effect of medical marijuana laws requires a more careful benefit and cost analysis that is beyond the scope of this study. Note.-. Column (1) includes cities that report at least 6 months (agencies that report only in December are excluded), and the arrest counts are scaled by a factor that equals the fraction reported of a year. Column (2) includes cities reporting less than 6 months. Coulumn (3) and (4) include city police officer rate, and state level control variables: black male rate, unemployment rate, state and local government police expenditures, state and local government health and hospital expenditure, and 0.08 BAC laws. Column (5) and (6) include all agencies to create state-level arrest rate (per 100,000 state residents). All specifications include city (state) and year fixed effects. Robust standard errors are reported in parentheses, and they are clustered at the state level. *** p<0.01, ** p<0.05, * p<0.1. Note.-All specifications include city and year fixed effects and city quadratic time trends. Robust standard errors are reported in parentheses, and they are clustered at the state level. *** p<0.01, ** p<0.05, * p<0.1. Note.-All specifications include state and year fixed effects. Robust standard errors are reported in parentheses, and they are clustered at the state level. *** p<0.01, ** p<0.05, * p<0.1. Time trend specification
Note.-All specifications include state and year fixed effects. Robust standard errors are reported in parentheses, and they are clustered at the state level. *** p<0.01, ** p<0.05, * p<0.1.
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